
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 




December 09,2004 



THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE. 



APPLICATION NUMBER: 60/520,868 
FILING DATE: November 17, 2003 

RELATED PCT APPLICATION NUMBER: PCT/US04/38172 




Certified by 

: •: : > 



; Jon W Dudas 



fActing Under Secretary of Commerce 
If or Intellectual Property 
|and Acting Director of the U.S. 
iPatent and Trademark Office 




Please type a plus sign (+) Inside this box » + 

1 ' Approved for use through 04/30/2003. OMB 0651^003: 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995. no persons are required to respond to a collection of information unless it displays a valid OMB control number. 



PTQ/SB^6(W)3| 



PROVISIONAL APPLICATION FOR PATENT COVER SHEET 

This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c). 



INVENTOR(S) 



— -ifXX> 

Residence ^ O 

(City and either State or Foreign Country) CM 



Given Name (first and middle [if any)) 



Family Name or Surname 



c\»CD 

CO 



Arndt 

Brent Christopher 



Nottrott 
Sans 



Toenisvorst, Germany 
Kcmoka, Ontario, Canada 



□ 



Additional inventors are being named on thi separately numbered sheets attached hereto 



TITLE OF THE INVENTION (280 characters max) 



HYDROFORMING USING HIGH PRESSURE PULSATION DURING FLUID INTENSIFICATION CYCLE 



Direct all correspondence to: 
|^| Customer Number 
OR 



CORRESPONDENCE ADDRESS 



28886 



Type Customer Number here 



Place Customer Number 
Bar Code Label here 



Firm or 

Individual Name 



Kevin S. MacKenzie 



Address 



Clark Hill PLC 



Address 



500 Woodward Ave., Suite 3500 



City 



Detroit 



State 



Ml 



Zip 48226-3435 



Country 



US 



Telephone (313)965-8331 



Fax (313)965-8252 



ENCLOSED APPLICATION PARTS (check all that apply) 



Specification Number of Pages 

L^l Drawing(s) Number of Sheets 
[~| Application Data Sheet See 37 CFR 1 .76 



0 CD(s), Number 

1 I Other (specify) 



METHOD OF PAYMENT OF FILING FEES FOR THIS PROVISIONAL APPLICATION FOR PATENT (check one) 

FILING FEE 

A check or money order is enclosed to cover the fifing fees ■ AMQUNT (ft , 

The Director is hereby authorized to charge filing 



□ 



fees or credit any overpayment to Deposit Account Numbei 
Payment by credit card. Form PTO-2038 is attached. 



50-1759 




The invention was made by an agency of the United States Government or under a contract with an agency of the 
United States Government 
£3 No. 

| | Yes, the name of the U.S. Government agency and the Government contract number are: 



Respectfully submitted, 
SIGNATURE 

TYPED or PRINTED NAME Kevln * MacKenzie 
(313)965-8331 



Date 



11/18/2003 



REGISTRATION NO. 
(if appropriate) 
Docket Number: 



45,639 



20912-093632 



TELEPHONE 

USE ONLY FOR FILING A PROVISIONAL APPLICATION FOR PATENT 

This collection of information is required by 37 CFR 1.51. The information is used by the public to file (and by the PTO to process) a provisional application. 
Confidentiality is governed by 35 U.S.C. 1 22 and 37 CFR 1.1 4. This collection is estimated to take 8 hours to complete, including gathering, preparing, and submitting 
the complete provisional application to the PTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this 
form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office. U.S. Department of Commerce. 
P.O. Box 1450. Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Mail Stop Provisional Application, 
Omwiisstoner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 



If you need assistance in completing the form, caff 1-800-PTO-9199 and select option Z pi9LARGE/revo5 



HYDROFORMING USING HIGH PRESSURE PULSATION DURING FLUID 

INTENSIFICATION CYCLE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a method of hydroforming metal components, and more 
particularly to a method of hydroforming metal components using a high pressure fluid having a 
pulse applied to the fluid. 

Description of the Related Art 

Hydroforming methods and processes are commonly known in the art for shaping tubular 
metal blanks, as well as, metal sheets. A typical hydroforming method used for shaping a 
tubular metal blank involves placing a tubular metal blank within a die cavity and introducing 
high pressure fluid within the interior of the blank causing the blank to expand outwardly to 
conform to the surface of the die cavity. Hydroforming metal parts has several advantages over 
typically used stamping operations to produce shaped metal components. Stamping operations 
typically involve pressing a metal part into a desired shape using a large hydraulic press to form 
the metal part. However, parts created using such a hydraulic press often have inconsistencies 
due to the characteristics of the forming operation. For example, metal parts formed using a 
stamping operation exhibit hardening of various portions of the part, usually at bend points or 
contours, resulting in material inconsistencies throughout the part. Also, metal parts having 
complex geometries cannot be produced in a single stamping operation due to inherent 
limitations in a stamping process. Therefore, welding and joining operations are often necessary 
to form a complex part, adding to the total cost of the part. 
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The process of hydrofomring is capable of better repetition and precision when 
configuring complex shaped parts. As a result, complex parts can be formed in a single forming 
operation without the need for welding or joining processes which can lead to material 
distortions inherent in the joining processes. 

Generally, hydroforming of sheet metal involves placing a sheet metal blank within a die 
wherein a pressurized fluid is introduced into the die cavity pressing the sheet metal against the 
contour of the die to form a shaped part. 

While hydroforming produces parts having complex geometries using both tubular and 
sheet metal blanks, there are limitations to a hydroforming process including the thinning of base 
metal material of the blank during the forming process. Also, hydroformed parts may exhibit 
wrinkling or local deformations produced on the part during a forming process. 

There is therefor a need in the art for a hydroforming process that limits the thinning of 
the base material of a blank, as well as improves the flow of material during the process resulting 
in a part having less material thickness variation over parts produced using conventional 
hydroforming processes. 

SUMMARY OF THE INVENTION 
A method of hydroforming a metal part that includes the steps of: placing a part to be 
formed within a die, closing the die to enclose the part to be formed, introducing a high pressure 
fluid to an interior of the die for expanding the part against an interior surface of the die, the high 
pressure fluid having a pulse applied thereto for increasing a material flow of the part within the 
die during the hydroforming operation. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows schematically a preferred embodiment of a hydroforming device utilized 
by the method of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Figure 1, there is shown a preferred embodiment of a device 5 used in the 
method of hydroforming of the present invention. The hydroforming device 5 includes a 
variable frequency drive motor 10 connected through a bearing journal 15 to a connecting rod 20 
attached to a piston plunger 25. The piston 25 is disposed within a cylinder 30 and is sealed 
within the cylinder 30 by an appropriate piston seal 35. The device 5 moves the cam operated 
piston 25 displacing fluid to create a frequency or pulse. The cylinder 30 is connected to a fluid 
line 40 that introduces the pressurized fluid into the forming die to create a formed metal part. 
The pulse or wave is generated by the variable frequency drive motor 10 connected to the cam 
operated piston 25. 

In a preferred aspect of the present invention, the variable frequency drive motor 10 has a 
frequency range of from 5 to 60 hertz. The frequency range of from 5 to 60 hertz results in a 
frequency fluid volume displacement in the range of from .001 to 5 liters of water. The piston 25 
amplitude preferably has a range of from 1 to 50 mm resulting in a pressure amplitude in the 
range of from 5 to 500 bar. The frequency pressure range preferably, is from 5 to 1500 bar with 
a frequency duration of preferably 30 seconds. Through put speeds for parts formed by the 
hydroforming operation preferably are in the range of from 5 to 60 seconds. 

As noted above, tubular structures as well as sheet materials may be utilized as blank 
materials for the hydroforming operation of the present invention. 

3 

326l444vl 
20912/093632 



While a preferred device is shown in Figure 1 for introducing the pulse into the 
hydroforming fluid, other methods or devices may be utilized by the present invention. For 
example, valves associated with the fluid line 40 leading to the forming die used in the 
hydroforming operation can be manipulated or oscillated; thereby introducing a frequency or 
pulse to the hydroforming fluid, preferably in the range of the characteristics outlined above with 
respect to the preferred embodiment. 

The method of the present invention includes placing a part to be formed within a 
hydroforming die, closing the die, and then introducing a high pressure fluid to an interior of the 
die, the high pressure fluid having a pulse applied thereto. The high pressure fluid expands the 
part against an interior surface of the die resulting in a formed metal part. As the high pressure 
fluid is introduced to the die generally, the metal part begins expanding against the die surface. 
Generally in a conventional hydroforming operation, a static pressure of from 300 to 500 bar is 
utilized to expand the metal against the die surface. The conventional hydroforming operation or 
method, as stated above uses a constant or static pressure resulting in a constant expansion of the 
metal against the surface of a die. 

The method of the present invention utilizes a wave or pulse flow of pressure; thereby 
increasing the material flow in the cavity or die by not constantly expanding the metal blank, 
resulting in a more consistent wall thickness, especially in portions of a part having a complex 
curvature that would often see thinning when a constant pressure hydroforming fluid is applied 
to the die. 
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Many modification and variations of the present invention are possible in light of the 
above teachings. It is, therefore, to be understood that within the scope of the appended claims, 
the invention may be practiced other than as specifically described. 
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What is claimed is: 

1 . A method of hydro forming a metal part comprising the steps of: 
placing a part to be formed within a die; 
closing the die to enclose the part to be formed; 

introducing a high pressure fluid to an interior of the die for expanding the part against an 
interior surface of the die, the high pressure fluid having a pulse applied thereto for increasing a 
material flow of the part within the die. 
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ABSTRACT 

A method of hydroforming a metal part. The part is placed within a die. The die is 
closed and a high pressure fluid is introduced to an interior of the die for expanding the part 
against an interior surface of the die. The high pressure fluid has a pulse applied thereto for 
increasing a material flow of the part within the die during the hydroforming operation. 
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